SUMMARY
Epistaxis is the most common complication encountered during nasotracheal (NT) intubation and may have serious consequences, such as lifethreatening bleeding and airway obstruction by aspirated blood [1] [2] [3] . In addition, it may occur even when mucosal vasoconstriction, a lubricated tracheal tube and careful manipulation of the tube during insertion are employed 1, 4 . Watanabe et al 3 reported the incidence of epistaxis as 93% (13/14) and 32% (9/29), when intubation was performed with a standard tube or with the aid of specially designed inflatable introducer (POLAMEDCO, Ingelwood, CA), respectively. Kim et al 5 reported an incidence of 52% (26/50) and 24% (24/100) when the intubation was done with a standard tube or a tube treated with thermosoftening, respectively. O'Connell et al 6 reported an incidence of 43% (43/100).
Various methods to reduce epistaxis have been tried 3, 5, [7] [8] [9] [10] . However, no previous studies have examined the possible risk factors for epistaxis during NT intubation. We performed this study to confirm which risk factors are more likely to be associated with epistaxis during NT intubation, and discuss possible strategies to avoid epistaxis.
MATERIALS AND METHODS
After approval by our institutional review board, informed consent was obtained at a pre-anaesthetic visit. One hundred patients, ASA physical status 1-3, over 16 years of age, who underwent an elective surgical procedure in which NT intubation was preferred to oral intubation in order to optimize surgical access, were included in this study. Exclusion criteria were severe obesity, expected difficult intubation, history of vasoactive or anticoagulant drug use, previous NT intubation, frequent nasal obstruction, bleeding diathesis, and oral or nasal operation (because of difficulty in determining the source of blood). We also excluded those cases in which either intubation failed on both nostrils or where intubation was only possible with a tube smaller than 6.0 mm internal diameter (ID).
During the pre-anaesthetic visit, a careful patient history was taken including questions concerning nasal trauma history, smoking, breathing difficulties, and nasal symptoms. Otolaryngologists using an anterior rhinoscope evaluated each patient's nasal anatomy for evidence of septal deviation, turbinate hypertrophy, and/or mucosal or other abnormalities.
The nasal preformed tubes (nasal RAE ® tube, Mallinckrodt, Ireland), sized 6.0 to 7.0 mm ID, were prepared using our thermosoftening treatment of the tubes with sterilized normal saline heated to 40±5°C 5 . A staff anaesthesiologist with 14 years of experience, who had no prior information about the patient, performed all intubations. Before intubation, 4 mg of dexamethasone was injected intravenously and the larger nostril was selected based on inspection by rhinoscopy. The first choice tube size for male and female patients was 7.0 mm and 6.5 mm ID respectively. Immediately before the intubation, the selected tube was removed from the warm saline and lubricated with K-Y jelly. If any resistance was felt during intubation, a smaller ID tube was re-inserted using the same nostril or the same ID tube was tried using the other nostril. Intubation was completed, if necessary, with the help of Magill forceps.
Epistaxis and ease of navigability through the nasal passageways were evaluated by the anaesthetist who performed the intubation. Epistaxis was defined as any blood seen during either intubation or the operation. The degree of navigability through the nasal passageways was defined as smooth or impinged. After extubation, the NT tube was examined for cuff damage or deformity. In the recovery area, an otolaryngologist with no prior knowledge of the patient assessed the nasal damage. Nurses checked for difficulty with breathing, nasal bleeding and pain.
Demographic characteristics of the "epistaxis" group (n=29) and the "no epistaxis" group (n=71) were compared using either the Student's t-test or Mann-Whitney rank sum test for continuous or categorical data, respectively. To identify the factors that were significantly associated with epistaxis, the groups were compared using logistic regression analysis. Eleven variables (age, gender, obesity, preoperative nasal symptoms, nasal anatomical abnormalities, smoking, cracking sound, navigability, use of Magill forceps, number of trials of intubation, and tube sizes) were included in univariate logistic regression analysis. All variables except tube size were arbitrarily dichotomized. Odds ratio (OR) and 95% confidence interval (CI) were ascribed to the variables that were experienced by ±5% of either group.
To identify the independent risk factors for epistaxis, stepwise selection multiple logistic regression analysis was used. Only the variables significantly associated with epistaxis on the univariate logistic regression analysis were included in the multiple logistic regression analysis 11 . P <0.05 was considered statistically significant.
RESULTS
Twenty-nine patients experienced epistaxis. There were no differences between the groups for demographic data (Table 1) . No patient had a history of nasal trauma. No tube deformity or cuff damage was noted. One patient in the "no epistaxis" group complained of mild but transient nasal pain after extubation, but none had persistent epistaxis in the recovery area. There were no cases of either intubation with a tube smaller than 6.0 mm ID or of failed NT intubation. Total intubation time in the "epistaxis" group and "no epistaxis" group were 126±60 min and 131±80 min (mean±standard deviation (SD)), respectively (P=0.897).
The septum and inferior turbinate were common sites of trauma during intubation. Bruises were common but minor (Table 2) .
Older age (P=0.0113, OR=2.20, 95% CI: 1.22-4.17), non-obesity (P=0.0017, OR=2.17, 95% CI: 1.36-3.57), repeated attempts at intubation (P= 0.0001, OR=3.53, 95% CI: 2.11-6.24), larger ID tube size (P=0.0001, OR=1.14, 95% CI: 1.07-1.22), and difficult transit of the tube through nasal passageways (P=0.0001, OR=6.25, 95% CI: 3.14-14.26) were significant risk factors for epistaxis on the univariate logistic regression analysis (Table 3) .
Stepwise selection multiple logistic regression analysis identified difficult transit of the tube through the nasal passageways as the only independent risk factor for epistaxis (P=0.0001, OR=6.25, 95% CI: 3.14-14.26) ( Table 3 ).
DISCUSSION
Our results showed that the risk of epistaxis was greatest if transit of the tube through the nasal passageways was inhibited. This finding suggests that improvement of navigability may be the most effective method of reducing the incidence of epistaxis.
There may be several ways to improve navigability. Firstly, sufficient anatomical and physiological understanding of the nasal cavity should precede any trial of NT intubation. As did O'Connell and colleagues 6 , we found that the nasal septum and inferior turbinate were common sites of damage. We believe that the likely reason is that the space between these two structures is narrowest along the path of the tube. In our experience, the tube was more easily advanced through the nasal passageways if it was advanced parallel to the floor of the nose while slightly lifting the tip of the nose with the thumb of the left hand. We presume that selecting the larger nostril, either by anterior rhinoscopy before intubation or by little finger examination for evaluation of the space, is helpful in selecting the nostril to be intubated. Like O'Connell and colleagues 6 , we could not find any correlation between epistaxis and nasal anatomical abnormality evaluated by a otolaryngologist with a rhinoscope, but preselection of the larger nostril by the anaesthetist might have biased this result.
Acoustic rhinometry can measure the relative size of the cross-sectional areas and volume of the nasal cavity 12 . However, there are several reasons why it may not be an effective diagnostic tool in this situation. First, cyclic fluctuations in congestion of the nasal mucosa, ranging over 30 minutes to six hours, occur in normal people. Accordingly, acoustic rhinometry would only be useful if performed immediately before intubation. Second, the nasal cycle can be affected by position change 13 . The information obtained from the rhinometry in the sitting position cannot be directly applied to a patient positioned supine for intubation. Third, it would not be economical to routinely evaluate nasal geometry with acoustic rhinometry prior to intubation. Data are number of patients. We consider that when difficult intubation is expected or if resistance is felt during the intubation, clinicians should attempt to ensure smooth navigability. Several modified endotracheal tube systems to attain smooth transit of a tube through the nasal passageways produce satisfactory results 3, 7, 8 . Kim et al 5 reported that thermosoftening treatment of a nasal tube before intubation significantly reduced the incidence of epistaxis and nasal damage. It is possible intubation with tubes made from soft material such as silicon may decrease the risk of epistaxis, but studies of the relationship between tube material and epistaxis are necessary. A third strategy for improving navigability and alternative to the modified endotracheal tube system is the application of vasoconstrictors to shrink the nasal mucosa and lubrication of the tube 9, 10 . In this study, we found that five variables (age, obesity defined according to body surface index, repeated attempts of intubation, tube size, and difficult transit of the tube through nasal passageways) were significantly related with epistaxis on the univariate logistic regression analysis. However, when stepwise selection multiple logistic regression analysis was used to avoid the influence of related variables on each other, difficult transit of the tube through the nasal passageways was the only independent risk factor for epistaxis.
Preoperative nasal symptoms and a cracking sound heard during intubation were not included in the multivariate logistic regression analysis because their incidences were less than 5% of either group. Further study of these variables requires a larger number of subjects or a 1:1 match analysis.
Because there was no case of epistaxis before successful intubation, we chose the tube size that proved successful in analysing the relationship between epistaxis and tube size. The finding that intubation with a smaller ID tube did not reduce the risk of epistaxis may be misleading, because small ID tubes were used for female patients and when resistance was felt during the intubation.
In conclusion, smooth transit of the tube through the nasal passageways plays a major role in avoiding epistaxis. We suggest that, if new purpose-designed NT tubes, with or without new materials, are developed or new NT intubation techniques are investigated, strategies to optimize navigability should also be considered.
